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SOLUTION FOR TRANSPORTING
HYDROCARBONS IN A PIPELINE

This is a ,division,.of appiieation Ser. No 664,712,

filed Mar. 8, 1976, now U.S. Pat. No. 4, 108,193,

BACKGROUND OF THE INVENTION
1. Flf:ld of the Invention |

This invention relates to an improved method for 10

transporting hydrocarbons thru a pipeline or wellbore.

d

More particularly, this invention relates to the introduc- '

tion into a pipeline of a viscous hydrocarbon or mixture
of hydrocarbons together with an aqueous solution of
an anionic surfactant and an alkalinity agent whereby a
low viscosity, salt-tolerant oil-in-water emulsion is
formed which facilitates movement of the hydrocarbon
in the pipeline. Optionally, the solution may contain a
guanidine salt or an oxyalkylated, nitrogen-containing
aromatic compound to aid in the formation of salt-toler-
ant oil-in-water emulsion.

2. Description of the Prior Art

The transportation of heavy crudes by pipeline 1S
difficult because of their low mobility and high viscos-
ity. The usual methods to facilitate the flow of heavy
crudes have included cutting them with lighter frac-
tions of hydrocarbons. However, the procedures in-
volve the use of relatively large amounts of expensive
hydrocarbon solvents to transport a relatively cheap
product. The practice also necessarily requires the
availability of the cutting hydrocarbon solvents which,
In some instances is inconvenient.

Another method to assist the flow of hydrocarbons in
pipeline is the installation of heatlng equipment at fre-
quent intervals along the plpehne, whereby the crude is
neated to reduce its v1soosny and thereby facnhtate its
transport. S

Heaters employed for this purpose can be operated
by withdrawing some of the crude being transported for
use as fuel. However, this procedure may result in the
loss of as much as 15 to 20% of the crude belng trans-
ported. - | -

' Other methods to facilitate transport of heavy crudes
have employed thermal viscosity breaklng, ‘which,
however, produces substantial amounts of gas.

It 1s known that substantial amounts of water may be
introduced- into a pipeline containing a stream of vis-
cous crude flowing therethru to reduce the drag on the
stream and thus facilitate the flow thru the pipeline.
‘This has been done by the addition of water together
with crude into the pipeline such that a water-in-oil
emulsion is formed. | S

[t is thus an object of the present 1nvent1on to prov1de
a transport method for viscous crudes which are diffi-
cult to emulsify especially in the presence of water with
substantial salt content whereby they can be more easily
transported by pipeline at a high thru-put rate.

SUMMARY OF THE INVENTION

This invention relates to a method for transporting
viscous hydrocarbons such as crude oil in which the
hydrocarbon together with an‘aqueous solution of an
anionic surfactant or a mixture of anionic surfactants
and an alkalinity agent and, optionally, a guanidine salt
or an oxyalkylated, nitrogen-containing aromatic com-
pound, 1s introduced 1nto the pipeline with mixing. Dur-
ing the mixing operation an oil-in-water emulsion is
formed which 1s stable in hard water and salt tolerant.
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' DESCRIPTION OF THE INVENTION

~ As previously pointed out this invention is concerned

with a method of transportation via pipeline of viscous
oils in an oil-in-water emulsion wherein the water phase
is formed using highly saline and/or hard water, e.g.,
water-containing appreciable quantities of sodium chlo-
ride and/or water soluble salts or divalent cations such
as calcium or magnesium.

In this invention the aqueous solution added to the
viscous hydrocarbon will generally range from a mini-
mum of about 10 percent by volume based on the vol-
ume of the hydrocarbon introduced into the pipeline up
to a maximum of about 40 percent or more by volume
with the preferred amount being about 20 to about 30
percent by volume on the same basis. In the aqueous
solution the concentration of the anionic surfactant will
range from about 0.01 to about 2.0 weight percent and
the alkalinity agent from about 0.01 to about 1.0 weight
percent. Optionally, the aqueous solution can contain
from about 0.01 to about 0.50 weight percent of a mate-
rial selected from the group consisting of (a) guanidine
salts, (b) oxyalkylated, nitrogen-containing aromatic
compounds and (c) mixtures of (a) and (b) above.

A particularly useful class of anionic surfactants com-
prises compounds selected from the group consisting of
water soluble salts of alkyl sulfates having from 6 to 20
carbon atoms and water soluble salts of unsaturated
aliphatic carboxylic monobasic acids having from 6 to
20 carbon atoms. |

Anionic surfactants suitable for use in the aqueous-
solution used in this invention include, for example,

~compounds of the formula:

CH3—(CH3);—CH=—CH—(CH;),—COOM,

wherein d and e are integers and the sum of d +e is from
2 to 16 and M is selected from the group consisting of
monovalent ions as exemplified by Na+, K+, Lit,
NH4+, etc. An example of materials of this type is SO-
dium oleate.

Another class of compounds which may be employed
as the anionic surfactant in the present invention have
the general formula:

CHj3—(CH3)—SO3M,

wherein { is an integer of from 5 to 19 and M is a mono-
valent cation such as Na+, K+, Lit+, NH4+, etc. Exam-
ples of compounds of this type include sodium dodecyl
sulfate, potassium cetyl sulfate, sodium decyl sulfate,
sodium tetradecyl sulfate, etc.

Another group of anionic surfactants suitable for use
in this invention include sulfate compounds of the for-
mula:

RO(CH;CH;0),SO;M

tv_herein R is selected from the group consisting of alkyl
of from 8 to 25 carbon atoms and

Rq

wherein R, is alkyl of from 8 to 20 earbon atoms, g 1s an
integer of from 1 to about 20 and M is a metallic cation
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such as sodium, potassium, lithivm or the ammonium

~ sulfate are preferred sulfate type-surfactants of thls“_
-class |

‘where Rris alkyl of from 1 to 10 carbon atoms; h 1s an 30
integer of from 1 to 24 and M is a metallic cationsuch = =
- as sodium, potassium, lithium or the ammonium ion.

Another group of anionic surfactants which are suit-

RxO(C2H40),—(C3H¢0)s—(C2H40),CHCH-
2503M,

wherein Ry is selected from the group consisting of 40

alkyl of from 8 to 20 carbon atoms

A

45
wherein R, is alkyl of from 8 to 20 carbon atoms and
Q :

wherein R, is alkyl of from 1 to 10 carbon atoms; r is an
integer of from 1 to about 18, s is an integer of from 1 to
about 12, t is an integer of from 1 to about 20 and the
sum of r+s—+t is not more than 30, wherein at least 60
percent of the oxyalkylene units are oxyethylene units
and M is a metallic cation selected from the group con-
smtmg of sodium, potassium, lithium or an ammonium
ion. |

‘Block-type sulfonate surfactants as described above
may be prepared by first condensing ethylene oxide
with a suitable initiator in the presence of, for example,

65

4

about 0.12 weight percent of sodium hjelrexid.e in a

- devolatizing the resulting product to remove low boil-

. mg products, if desired, a second condensation reaction

is conducted with propylene oxide under the same con-

~ ditions and finally a third condensation i1s conducted
| With ethylene oxide. After 'the b?lock type oXyalkylated A

(OCH;CH3),Cl

~(OCH>CH3)xSO3Na

»—Na3S03 method since drastic reaction conditions
must be employed to force the sulfate reaction to com-
pletion.

The alkalinity agent which can be selected from the
group consisting of sodium hydroxide, potassium hy-
droxide and lithium hydroxide will range in concentra-
tion from about 0.01 to about 1.0 weight percent when
employed.

Guanidine salts useful in preparing the aqueous solu-
tion employed in this invention include guanidine hy-
drochloride, guanidine acetate, guanidine sulfate, guani-
dine carbonate, guanidine thiocyanate, guanidine ni-
trate, etc. and mixtures thereof.

An especially useful group of the water-soluble, oxy-
alkylated, nitrogen-containing aromatic cumpounds of
the formula: -

R{(OR)OH

wherein R, is selected from the group consisﬁug of:

(a)

OzN

(b) -

the sulfate salt with sodmm s.ulfite Thls last-mentmned |
 reaction is considered less deisrable than the SOCI-
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wherein R, is alkylene of from two to four inclusive
carbon atoms and x is an integer of from about 5 to
about 50 and, preferably, from about 5 to about 20.

The novel water-soluble oxyalkylated products of 10
this invention can be conveniently prepared by a num-
ber of processes well-known in the art. For example, the
alkylene oxide can be reacted with the initiator dis-
solved in a suitable solvent throughout which an alka-
line catalyst, such as potassium hydroxide or sodium
hydroxide, is uniformly dispersed. The quantity of the
catalyst utilized generally will be from about 0.15 to
about 0.1 percent by weight of the reactants. Preferably,
the reaction temperature will range from about 80° C. to
about 180° C., while the reaction time will be from
about 1 to about 20 hours or more depending on the
particularly reaction conditions. This process is de-
scribed 1in U.S. Pat. No. 2,425,845. The preparation of
such oxyalkylated, nitrogen-containing aromatic com-
pounds such as exemplified by ethoxylated 8-hyroxy-
quinoline, propoxylated nitrophenol, ethoxylated 8-
quinoline sulfonic acid, etc. is more completely de-
scribed in U.S. Pat. No. 3,731,741 which is mcorporated
herein by reference in its entirety.

In other aspects this invention relates to oil-in-water
emulsions comprising a hydrocarbon such as crude oil
including heavy crude oil, fuel oil, propane, propane-
butane mixtures such as LPG, etc. and as the aqueous
phase an aqueous solution comprising about 0.01 to
about 2.0 weight percent of an anionic surfactant or a
mixture of anionic surfactants of the types previously
referred to and from about 0.01 to about 1.0 weight
percent of an alkalinity agent such as sodium hydroxide,
potassium hydroxide, etc.

Useful oxyalkylated, nitrogen-containing aromatic
compounds include, for example:
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SO2(OCH»CH3)100H.

The amount of the aqueous solution added to the
hydrocarbon to prepare the oil-in-water emulsions will
generally range as set out above of from a minimum of
about 10 percent by volume based on the volume of the
hydrocarbon up to a maximum of about 40 percent or
more by volume with the preferred amount being about
20 to about 30 percent by volume on the same basis.
Optionally, the aqueous solution may contain from
about 0.01 to about 0.50 weight percent of a material
selected from the group consisting of (a) guanidine salts
(b) oxyalkylated, nitrogen-containing aromatic com-
pounds and (c) mixtures of (a) and (b).

In another embodiment of this invention relates to the
above described aqueous solutions employed to prepare
the oil-in-water emulsions previously described.

The following examples illustrate various embodi-
ments of this invention and are to be considered not
limitative.

EXAMPLE I

An aqueous solution containing 0.5 weight percent of
sodium dodecyl sulfate, 0.4 weight percent of a sulfo-
nate surfactant having the formula:

CgHir O—(C2H40)CH>CH>SO3K,

0.10 weight percent of guanidine hydrochloride, and
about 0.10 weight percent of sodium hydroxide was
prepared by adding with mixing the above-mentioned
ingredients to water having a salinity of about 2.03
weight percent at a temperature of about 24° C. after
which the thus-prepared solution is introduced with
mixing into a large diameter pipeline together with
sufficient heavy California crude oil, to give an oil-in-
water emulsion in which the amount of aqueous solu-
tion is about 20 percent by volume based on the volume
of crude. The horsepower requirement for transporting
the formed oil-in-water emulsion through the pipeline at
the rate of 1,400 barrels per day is found to be substan-
tially less than the horsepower requirement for trans-
porting the same volume of the heavy California crude
under the same conditions.

EXAMPLE I1

An aqueous solution comprising about 0.7 weight
percent of a sulfonate surfactant having the formula:

O—(C2H40)12(C3Hg0)4—(CH40)3CH)CH,S03K,

0.12 weight percent of the compound:
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(OC2H4)sOH,

and about 0.10 weight percent potassium hydroxide is
formed by mixing together at a temperature of about
25° C. the above-named ingredients with brine having a
salinity of about 1.64 weight percent. The thus-formed
aqueous solution is introduced into a pipeline together
with Hewitt crude, Carter County, Okla. to give an
oil-in-water emulsion in which the volume percent of
the aqueous solution based on the volume of the crude
is about 27 percent. An appreciable saving in horse-
power requirement for pumping 2,400 barrels/day of
the emulsion through the pipeline over the requirement
for the same amount of Hewitt crude under the same
condition is achieved. salinity of about 1.64 weight
percent. The thus-formed aqueous solution is intro-
duced into a pipeline together with Hewitt crude, Car-
ter County, Okla. to give an oil-in-water emulsion in
which the volume percent of the aqueous solution based
on the volume of the crude is about 27 percent. An
appreciable saving in horsepower requirement for
pumping 2,400 barrels/day of the emulsion through the
pipeline over the requirement for the same amount of
Hewitt crude under the same condition is achieved.

What is claimed is:

1. An aqueous solution comprising from about 0.01 to
about 2.0 weight percent of an anionic surfactant; from
about 0.01 to about 1.0 weight percent of an alkalinity
agent selected from the group consisting of sodium
hydroxide, potassium hydroxide, lithium hydroxide and
mixtures thereof and from about 0.01 to about 0.50
weight percent of (a) a quanidine salt, (b) an oxyalkyl-
ated nitrogen-containing aromatic compound of the
formula:

R{OR)xOH

wherein R, is selected from the group consisting of:

(a)

03N

(b)

(c)

wherein R,, is alkylene of from two to four inclusive

carbon atoms and x is an integer of from about 5 to

about 50 and (c) mixtures of (a) and (b) and wherein the

said surfactant is selected from the group consisting of:
(a) compounds of the formula:

CH3—(CH;)j—CH=CH—(CH3),—COOM

wherein d and e are integers and the sum of d +¢ is from
2 to 16 and M is a monovalent cation selected from the

group consisting of sodium, potassium, lithium and the
ammonium 1on;
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(b) compounds of the formula:

CH3;—(CH3)—0—S03M,

wherein f is an integer of from 5 to 19 and M has the
same meaning as described above in (a);

(c) compounds of the formula:

RO(CH3CH2)gSO3M

wherein R is selected from the group consisting of alkyl
of from 8 to 25 carbon atoms and

R4

wherein R is alkyl of from 8 to 20 carbon atoms, g is an
integer of from 1 to about 20 and M has the same mean-
ing as described above in (a);

(d) sulfonates of the fomiula:

R/O(CH2CH20);,CHCH2S0O3 M,

wherein Ry is selected from the group consisting of
alkyl of from 8 to 20 carbon atoms; |

Re

wherein R, is alkyl of from 8 to 20 carbon atoms and
. Rs Q |

wherein Rris alkyl of from 1 to 10 carbon atoms; h is an
integer of from 1 to 24 and M has the same meaning as
described above in (a);

(e) sulfonates of the formula:

R 1 O(C3H40),—(C3HO)s—(C2H40),CH2CH-
2503M,

wherein Ry i1s selected from the group consisting of
alkyl of from 8 to 20 carbon atoms;

R

wherein R, 1s alkyl of from 8 to 20 carbon atoms, and
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wherein R, is alkyl of from 1 to 10 carbon atoms; r is an
integer of from 1 to about 18; s is an integer of from 1 to
about 12; t 1s an integer of from 1 to about 20, and the (s
sum of r+s-t is not more than 30, wherein at least 60
percent of the oxyalkylene units are oxyethylene units
and wherein M has the same meaning as described in (2)
above; and
(h) mixtures of the above described surfactants.

2. The aqueous solution-of claim 1 wherein the said

20

surfactant is a compound of the formula:
25

RO(CH;CH;0),SO3M,

wherein R is selected from the group consisting of alkyl
of from 8 to 25 carbon atoms and wherein Ry is alkyl of 30
from 8 to 20 carbon atoms, g is an integer of from 1 to
about 20 and M is a monovalent cation selected from the
group consisting of sodium, potassium, lithium and the 35
ammonium ion.

3. The aqueous solution of claim 1 wherein the surfac-

tant is a compound of the formula:

RsO(CH;CH;0);,CH;CH,S03M,

wherein Ry is selected from the group consisting of

alkyl of from 8 to 20 carbon atoms:; 45
50
" Re
wherein R, is alkyl of from 8 to 20 carbon atoms, and
55
60
65

wherein Ryis alkyl of from 1 to 10 carbon atoms; h is an
integer of from 1 to 24 and M is a cation selected from
the group consisting of sodium, potassium, lithium and
the ammonium ion.

4. The aqueous solution of claim 1 wherein the surfac-
tant 1s a compound of the formula:

RiO(C2H40),—(C3Hg0)s—(C2H40)CH,CH-
250:3M,

wherein Ry is selected from the group consisting of
alkyl of from 8 to 20 carbon atoms:;

Ry

wherein R, is alkyl of from 8 to 20 carbon atoms, and

A
)

wherein R is alkyl of from 1 to 10 carbon atoms; r is an
integer of from 1 to about 18, s is an integer of from 1 to
about 12, t is an integer of from 1 to about 20, the sum
of r4+s+t is not more than 30, wherein at least 60 per-
cent of the oxyalkylene units are oxyethylene and
wherein M is a cation selected from the group consist-
ing of sodium, potassium, lithium and the ammonium
ion.

3. The aqueous solution of claim 1 wherein the said
alkalinity agent is sodium hydroxide.

6. The aqueous solution of claim 1 wherein the said
alkalinity agent is potassium hydroxide.

7. The aqueous solution of claim 1 wherein the said

guanidine salt is guanidine hydrochloride.
¥ % % % %k
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